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HOMENCLATURE [+

1 = inclinatien of earth satellite exbit plane to earth's equatorial \
plane %

e

= goefficient of second harmonie of earth’'s gravitatienal potemtial

r = radial distsnce of vehisle frem serter of earth

R = equatarial radius of earth

t = time measured from the mominal

T = times for inwplane injeetion cpportunities

8y, = inclination of moem's arbit te earth's equatorial plane

§ = tnolination of earth satellite orbital plsne to the earth.moen plane

o = rogu:r;io};nl rate of earth satellite orbital plane about polar axis
e

@ = gngular veloeity of moon

ﬂE = angle measwred in squatorial plane from moon's asecending node to
node of earth sstellite crbitel plane and equatorial plane

fy = angle measuwred in earthemoon plane from moon's ascending node to
node of earth satellite orbital plane and earth-moon plane

* Aerospace Technologist, Space Mechanies Division




The msnnexr in vhich s near-earth satellite orbital plane regresses
MWW&IMMWannM,MMm,mn{ML
hﬁwwttlmlmhutobemrruanmuumtemt,
the injection to be made ia the plane of this earth sstellite orbit, a delay
in injestion will cause, &ue to this regression, the lumar trajectory to
be estadlished in a plane having a different orientstion in spaece than
that originally plamned. Cousequenmtly, the moon, in general, will not de
at the nodal point of the earth sstellite cxbital end earth-moon planes
at the time the vehicle arrives there, Yt i3 pomsible to sorrest for
the effests of this regression by the application of a veloelty increment
to change the plane of the lunar trajectory as &iscussed in referemce 2,

I the dslays, hovever, are to be of the order of days, as might be the
mem-meutmon,tmuuormtmnmmmm«e
certain &lserete intervals of time, after the nominal, in vhich injection
into the lwmar trajectory can be aseomplished in the plane of the earth
satellite orbit. These opportumities eorrespond to times for which the
moon and either nodal point of the earth zatellite orbital end earth.moon
plane line up., Bince the two motions are in opposite directions, this
alinement oceurs vhenever the total angular travel of the moon and the

node of the earth.moon plane and eerth satellite orbital plane add up

0°, The determination of these injection opportunities for all
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nominal positions of the meon in its orbit (a1l nomine) values of Oy

in Plgure 1) is the object of this paper.
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If Oy sud GOy dswote the location of the regreased node of the
earth satellite arbital and the node of the eartheeguatorisl and earthe
moon planes, respectively, measured from the moon's ascending node in
the direstion of regression, them it is cdvious from figure 1 that

By = .1[”'&”'“2"“514“’"1
sin Op

(1)

o< o < 360
o= q, = 360

If at time t = O (the nominal time of injection from earth orbit)
Oy = (Ag)e and Og = (0g)y, then after a time in earth erbit of t-7,
the nodal point of the earth satellite erbital and esrth.equstorial
rlanes will have regressed an amount Al along the earth-equatorial
plare and the nodal point of the earth satellite orbitsl and earth«moom
planes will have regressed an amount Aﬂu along the earth.moon plane,

Therefore, ot ¢dme + = 7

F AR 4

Uy = ()o + Ay

and
ap = (9g), + A0

The regreasion rate of the nede zlong the carth-sgustorial plane

{

15 constant and for cireular orbits is
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Then after time 7
Ang = T o
and
Op = (g + T &8 )

The carresponding value of Oy, in texws of T, is obtained by
substitution of equation (3) into equation (1), Therefore, at ¢t = O

i 3 feos ty cas(ag)g - etn By oot

sod at time t = 7
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The deterwmination of the time increments for the in<plane injection
opportunities {3 sgcomplished Dy a solution for T of the eguation

*

Ay + &7 = 180

or

y - (9, + OT = 180 (5)

where @ ig the angular rate of the moon in its orbit (about 13.2%/day).
It is of eonsiderable interest in such an operation as this to know
the manner in which the inelination of the trajectory plane to the esrthe
moon plane varies for each injection opportunity. This ineclination is
designated by the angle ¢ in figure 1. From figure 1, it is obvious that
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# = sin™t (6)
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Then, if an injection opportunity ccours T duys after the nowinal,
substitution of Op frem equation (3) and 0y from equation (k) iumto
equation {6) will give the inclination of the trajectery plane to the
sarth-moon plane fix this injeation opportunity. This variation can de
eonsidersble as will be peinted out below vhen a particular mmerical
axsmple 1s 11lustrated,

To {llustrate the significance of eguatioms (5) and (6), a mmerieal
exauple is represented in figure 2 for the case of f = 28,5%, ¢ = 309,
and r = 315 statwte miles. Pigure 2 gives the first few in-plane injection
opportunities as o funstion ef the neminal values of fy. These curves
show that for the majority of the nominal injection conditions the oppor-
tunities for injeetiom, after the first apportumity, oeeur sbout every
10,5 days. The veristions in @ &t the injection opportunities for this
ease, is between 1.7° and 58.%°,
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FIGURE LECRNDS
Pigure 1.~ Illustration of pertinent angles.

Figure 2.~ Meplane injection oppertunities for all naminal. lunar positions.
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Figure Z+ In-plane injection Opportunities For All Nominal
Lunar Positions,




